We demonstrate a liquid-chromatographic method involving post-column derivatization for determining the concentration of thiamin and its phosphate esters in human blood. Blood, erythrocytes, or plasma is deproteinized and centrifuged. Aliquots of the samples are applied to a .tBondapak C18 column attached to a "high-performance" liquid chromatograph. Addition of potassium ferricyanide/sodium hydroxide solution to the column effluent with a proportioning pump convertsthiamin phosphates into fluorophores, the intensities of which are measured with a spectrofluorophotometer. Thiamin, thiamin monophosphate, thiamin pyrophosphate, and thiamin triphosphate eluted as single peaks; no coeluting substances were detected. Thiamin pyrophosphate was the ester present in greatest concentration, followed by thiamin triphosphate; thiamin monophosphate and thiamin were present in slight amounts. This method allows easy determinationof thiaminand its phosphateesters in 0.1 mL of blood. 
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Materials and Methods

Reagents.
Thiamin HC1 was obtained from Wako Chemical Co., Osaka, Japan, and TMP and TPP from Sigma Figure 1 shows elution profiles for a standard solution of T1'P, TPP, TMP, and thiamin; a human blood sample; and a blank (blood without thiochrome reaction). rFP, TPP, TMP, and thiamin were each detected as single peaks with respective retention times of 3.1, 3.8, 5.0, and 8.0 mm. In the blood sample, 'NP, TPP, and TMP were detected as single peaks, but thiamin was not detected. Moreover, the blood contained three fluorescent peaks other than thiochrome, with retention times of 2.0, 6.25, and 12.0 mm, but no coeluting substance was found in the position where the peaks for 'NP, TPP, TMP, and thiamin would elute. blood, the concentration of TPP was the highest, followed by 1TP; TMP and thiamin were hardly detectable. In erythrocytes only 'NP and TPP were found, and no TMP or thiamin was detected. Plasma, on the other hand, contained small amounts of TMP and thiamin but no TPP or rrp.
Results and Discussion
In blood kept at room temperature (25-28 #{176}C) for 1-6 h after collection, the T'FP content decreased in proportion to the time interval, but no significant change was observed in TPP, TMP, and thiamin.
Fifty milligrams of thiainin propyl disulfide (TPD), a lipotropic thiammn derivative, was administered orally to five healthy subjects and blood was collected 0, 5, 15, 30, 60, 90, 120, 180, 240 , and 360 mm after administration. The concentration of 'lTP did not change after admimstration of TPD. Plasma thiamin was increased 1 h after administration of TPD, then decreased; TMP increased slightly. In erythrocytes thiainin concentration increased at first, peaking after 90 mm, and then decreased. TPP was increased gradually and reached its highest value after 240 mm; the concentration of'N'P was not changed. From these results we conclude that thiamin kinase (thiamin pyrophosphokinase; EC 2.7.6.2) is present only in erythrocytes and gradually produces TPP.
It is curious that TFP and TPP concentrations were negligible, and only TMP and thiamin were found in plasma. Our observations agree with those of Rindi et al. Yano (12) reported that total thiamin content in human blood was greatest 1 h after oral administration of TPD and 2 h after oral administration of thiaxnin; he found free thiamin and phosphorylated thiamin in erythrocytes and only free thiarnin in plasma. Fujiwara et al. (13) reported finding a total thianun concentration of 4 .tg/mL in rabbit erythrocytes 30 mm after oral administration of 5 mg of TPD and a total thiamin content of 0.2 g/mL in serum of the rabbit.
We have previously reported (8,10) two kinds of methods for post-column derivatization in separating and measuring thiamin and its phosphate esters by HPLC. In the first (8), we used an ion-exchange column (Shimadzu ISA-07/S2504), and in the second (10), a reversed-phase column (Bondapak C18). With the ion-exchange column, thiamin phosphates were eluted in the order: thiamin, TMP, TPP, and TIP. The elution peak of 'N'P was accordingly broad and not previously been reported, we confirm with this method that they are present. However, further studies on isolation and independent chemical identification of the chromatographic peaks are necessary to establish the specificity for thiamin phosphate esters. This work was supported by a grant-in-aid for scientific research from the Ministry of Education, Science and Culture, Japan. We ___________________________________ extend our gratitude to Dr. J. P. Matthews, Kyoto University, for assistance in preparation of the manuscript.
